the sweat glands of this animal may act in a similar way to the human eccrine sweat glands, as a thermal regulator of the animal by their great amount of watery secretion. Several other evidences were also found by the above authors that this gland might belong to the apocrine type. ITO et al. (1961) reported, however, the presence of two different cell types in the secretory epithelium of this gland, and argued that this fact might be suggestive of intermediate position of this gland between the apocrine and eccrine types of the sweat gland. TAKAGI and TAGAWA (1959) tried to observe the glands of this animal with the electron microscope, but they only obtained a result to find out the fact that secretory cells of this gland may be provided with well developed microvilli. Secretory activity of this gland has been discussed by them on the basis of only light microscopy. The present observations may reveal the ultrastructural organization of the secretory cells of the both types which ITO et al. (1961) discovered by light microscopy, and may contribute to some extent to clarifying the mechanism of production and release of secretory substance in this gland.
Small pieces of the abdominal skin of the horse were obtained at a slaughter house immediately after the sacrifice by a blow on the head. Skin pieces of about 2-3mm3 were fixed for about one and a half hours in 1% osmium tetroxide solution buffered at pH 7.4 and made isotonic with sucrose. tion of sweat glands in a given block. Leaving an appropriate portion of the specimen, the remainder was trimmed away from the tissue block. Thin sections obtained by the use of JUM-5 microsome were stained with a double staining of potassium permanganate and uranyl acetate. The electron microscope used is JEM-5 type with an accelerating potential of 80KV and 0.05mm objective aperture. Micrographs were taken at the magnification of about 2500 to 5000 times, and thereafter enlarged optically.
The secretory portion of the sweat gland in the horse abdominal skin is a coiled tubular gland, whose wall consists of a single layer of secretory cells and a discontinuous sheet of myoepithelial cells which covers the former. The basement membrane and the connective tissue sheath closely surround the gland tubule, along the outer surface of the myoepithelium.
As ITO et al. (1961) This type of secretory cells is the main component of the epithelium of the secretory portion of the gland tubule. Therefore, most of the gland tubules consist exclusively of vacuolated cells, and the second cell type, the dense cells are only rarely observed. In such a portion of gland tubules that cells of this type are the only constituents, the secretory epithelium is a simple columnar epithelium and consists of regularly arranged vacuolated cells with the approximately uniform height (Fig. 1) .
The vacuolated cells are columnar or cuboidal in shape, and look very clear under the electron microscope, because the cytoplasm is filled with a great amount of electronlucent substance probably of secretion. Such substance is generally enveloped by membranes forming many vacuoles of various sizes, which may be called secretory vacuoles, and apparently coincide to the secretory grannles positive to the periodic acid-SCRIFF reaction found by light microscopy. In some parts, the membrane of these secretory vacuoles seems to be ruptured, and the internal substance may flood through the cytoplasm (Fig. 1) . Thus the apical and middle portions of the cell body are almost entirely filled with such clear substance, and this general appearance of the gland cell somewhat resembles mucus-secreting cells of the gastrointestinal tract (PALAY 1958 , KUROSUMI 1961 . Mitochondria are filamentous or rod-like with varied length, and their long axes tend to be oriented to the baso-apical direction, which is coincident to the long axis of the columnar secretory cell in most cases (Fig. 2) . No sign of participation of mito chondria to the formation of secretory vacuoles could be obtained. GOLGI apparatus is well developed in the cell of this type and usually situated at about the center of the cell (Figs. 2 and 3 ). The apparatus is surrounded by many secretory vacucles, and also by secretory substance which is shown as electron-lucent cloudy area in the cytoplasm without limiting membranes. The apparatus consists of straight or curved lamellae, vesicles and vacuoles of various sizes. There are various transitional steps from the tiny vesicles to large vacuoles of the GOLGI apparatus, and also to the so called secretory vacuoles (Fig. 3) . From these observations, the GOLGI vesicles or vacuoles may be assumed to he the origin of the secretory vacuoles in diameter) are rarely seen near the GOLGI apparatus (Fig. 2) , but no correlation to the secretory vacuoles can be found. It must await future researches to decide whether these granules are pigment granules or lysosomes.
The nuclei of secretory cells are always situated at the basal part, as if they were pushed down by a massive accumulation of secretory substance at the upper two thirds of the cell body. Most nuclei are irregular in outline and the karyoplasm appears to be strongly condensed ( Figs. 1 and 3 ). This appearance is also similar to that of nuclei of mucous cells of gastric glands and goblet cells of the intestinal and tracheal mucosa (KUROSUMI 1961, RHODIN and DALHAMN 1956 ). The karyoplasm is so dense that nucleoli are often missed. This condition may be referred to as one of slight extent of karyopyknosis, but probably not correlated with presumable death of the gland cell turning into secretion (holocrine secretion). Such a mechanism may not exert in Cisternae of the rough-surfaced endoplasmic reticulum (ER) are observed at the basal end of the cell, forming a curved heap of parallel lamellae. Intercellular boundary at the lateral cell margin is slightly interdigitated, but the basal surface especially at the gap of myoepithelial sheet is provided with elaborate infoldings and interdigitations of the this gland. The irregular contour of the nucleus is not brought about by pressing of secretory vacuoles upon the nuclear surface.
The basal cytoplasm around the nucleus is usually free from the secretory vacuoles and flooded secretory material.
There one can observe many tiny vesicles and roughsurfaced cisternae of the endoplasmic reticulum, cavities of which are mostly collapsed (Fig. 2) . The cisternae are arranged parallel to each other, forming concentric or slightly curved lamellae. Freely scattered ribosomes are also observed. Tiny vesicles with smooth limiting membranes are the same in appearance as those found in the cytoplasm of secretory cells of both human and rabbit apocrine sweat glands (KURO-SUMI et al. 1959 . They are probably concerned to the water transport across Fig. 3 . The basal half of a vacuolalted cell and an adjacent myoepithelial cell. The nucleus (N) of the secretory cell is irregular in outline and filled with dense karyoplasm which is seen speckled due to the localized condensation of chromatin. Mitochondria are scattered at random. The GOLGI apparatus (G) is shaped horseshoe-like, and consists of lamellated sacs, vesicles and vacuoles. Transitional steps between the GOLGI vacuoles and secretory vacuoles can be presumed. The cell boundary between the secretory cell and the myoepithelium is roughly straight, but close observations may reveal small interdigitations or infoldings of plasma membranes which are arranged parallel to the secretory cellmyoepithelium interface. The nucleus (Nm) of the myoepithelial cell is shaped a flattened disc. The T. MATSUZAWA and F. SAITO:
the cell body.
Lateral cell boundary is straight in general, but in parts interdigitation may be found. Along the basal surface, however, plasma membrane may be extensively folded (Fig. 2) . Such folded membranes are parallel to the basal surface at the junction with the myoepithelial_ cells, but they are vertical to the basal surface at the part where the secretory cell may abut the basement membrane directly through the gap of myoepithelial sheet. The folding of plasma membrane is especially marked at the place of direct contact of secretory cells to the basement membrane. Increased surface area by the folding of plasma membrane may be useful to increase the effective surface for absorption of water from the extraglandular milieu into the secretory cells.
The apical cell surface is complicated (Figs. 1, 4-6).
Relatively long microvilli are closely packed along the free surface of the cell. Each microvillus is often irregular in shape and frequently possesses an expanded tip looking like a polyp (Fig. 4) . Such expanded tips contain rather clear content and are frequently seen separated from the shaft. Such an apparent separation of tips depends mostly upon the cutting direction, because the tips of microvilli may be frequently cut in an oblique or transverse direotion. These features may also indicate, however, a possibility of true separation of expanded tips of microvilli which may be a miniature type of apocrine mechanism of secretion release, and called 'microapocrine secretion' by the senior author (KURO-SUMI 1961) . Luxuriant microvilli are also useful to increase the effective surface area to diffuse out the water from the cytoplasm into the lumen. Besides the so-called microapocrine mechanism, the macroapocrine secretion which can be seen under the light microscope (apocrine mechanism of ordinary sense) are frequently found in this gland. Stout projections which are destined to be detached off may extend from the free surface of the secretory cell into the gland lumen (Fig. 4) . The surface of the projection is always smooth and no microvilli can be observed. Interior of the projection is filled with a substance which is seen finely granulated. Secretory vacuoles are rarely seen near the base of the projection, but no vacuoles are present in the main part of the projection. Neither mitochondria nor any of the elements of GOLGI apparatus or endoplasmic reticulum are contained in the projection. The base of it is often constricted, suggesting future detachment from the cell body (Fig. 4) .
From one cell one projection usually, but two or three projections occasionally extend (Fig. 5) . Each of twin projections may be detached independently from each other, but fusion of two projections may also occur before the detachment.
In the early stage of growing of the secretory projection, the surface of the projection is knobby (Fig. 6 ). Such surface knobs may be the stumps of microvilli which have not yet totally disappeared. These may be brought about either by shedding off the tips of microvilli or by the flattening out of microvilli due to the strong surface tension occurred by the increasing accumulation of secretory material under the surface plasma membrane.
b) Dense Cells.
The second cell type of the secretory epithelium of the horse sweat gland may be designated dense cells, because most cells of this type may possess the cytoplasm of high electron density without any secretory vacuoles. But density variation of the cytoplasm can be observed. Characteristic features of this cell type are as follows: the size of the cell body is smaller than the vacuolated cells, microvilli are very poorly provided on the free surface, intercellular interdigitations and basal infoldings are extremely well developed, mitochondria are large and rounded, no secretory vacuoles are contained, and the nucleus are pyknotic and highly irregular in shape (Fig. 7) .
Extremely dense granules which may be pigment granules were found in considerable numbers in the cytoplasm of this cell type. Cells of this type may occur singly or grouped among the ordinary vacuolated cells. As this cell type is characterized by the smallness in size, it is often observed that the part of secretory epithelium where the cells of this type compose is thin and consequently a pit may be formed on the luminal surface of the epithelium (Fig. 7) .
As already mentioned, electron density of the cytoplasm is high in general, but in some of the cells which may also belong to this type, the general cytoplasm is similar in density to that of the ordinary cells but a zone beneath the free surface is very dense (Fig. 8) , looking like the crust of the human apocrine gland cells (KURO-SUMI et al. 1959) or the cuticle of the duct epithelim of sweat glands (MUNGER 1961) . These cells have large rounded mitochondria and an irregulary shaped condensed nucleus, which are both prominent characteristics of the dense cells. On the free surface microvilli are quite poor or almost absent. No secretory granules or vacuoles can be seen in the cytoplasm, which is provided with many filaments oriented to every direction.
Though the general outlook of this cell may be different from the dark cytoplasm of the so-called dense cells, many other characteristics common for the both cell types can be pointed out, and probable transition between these may be considered. The last type of secretory cells may be thought to be one of the transitional type from the ordinary vacuolated cells to the small dense cells, (1959, '60), KANAME (1960) , MUNGER (1961, '62) , MUNGER and BRUSILOW (1961) and ELLIS (1962) . However, the most vividly acting sweat gland of the animals, that is, the gland of the horse has been observed hitherto chiefly by light microscopy. An electron microscopic observation on the horse gland by TAKAGI and TAGAWA (1959) was the pioneer work of this field but their results were not satisfactory.
Concerning the extrusion mechanism of secretory substance from the sweat glands or similar skin glands such as the mammary gland, many discussions were repeatedly carried out. SCHIEFFERDECKER (1922) first classified the sweat glands into two main types, apocrine and eccrine. His classification of gland types was mainly based upon the mode of extrusion of secretory material, and the so called apocrine mechanism by which the secretion might be produced by pinching off or decapitation of tonguelike projection of cytoplasm was adopted as one of the useful criteria for classifying the sweat glands. This criterion has been, however, no longer available for the determination of gland types, because ITO and IWASHIGE (1951) have shown that the so called apocrine mechanism might occur not only in the apocrine sweat gland, but also in the eccrine sweat gland. On the other hand, MONTAGNA, CHACE and LOBITZ (1953) denied the possibility of decapitation of terminal projection as a role of secretion discharge in the human apocrine sweat gland, and also in the horse gland TAKAGI and TAGAWA (1959) did not observe this mechanism of secretion discharge.
Electron microscopical observations by the senior author and his collaborators (KUROSUMI et al. 1958 , '59, '60, '61, KITAMURA 1958 , IIJIMA 1959 always revealed the luminal projections suggestive of the apocrine mechanism both in eccrine and apocrine sweat glands of the human being and various mammals. However, BARGMANN and KNOOP (1959) and BARGMANN, FLEISCHHAUER and KNOOP (1961) postulated that the apocrine mechanism might not exist in the mammary gland. Our previous report on the rabbit apoccrine sweat gland (submandibular organ) (KUROSUMI et al. 1961) clearly demonstrated the presence of huge secretory projections and their detachment from the cell body which is the mechanism called apocrine secretion. MUNGER (1962) studied apocrine sweat glands of the monkey and denied the mechanism of apocrine release of secretion. Although he described the 'apical cytoplasmic cap', he speculated that this cap might be present to increase the cell surface area, but not for the decapitation mechanism. The apical cytoplasmic cap that he presented is not the same as the apocrine projection of ours, because the cap illustrated in his paper is provided with microvilli. Therefore, probably he did not observe the true apocrine projections. If the electron density of content of the projections were markedly low, the occurrence of such projections would be doubted whether it might be produced by local changes in osmolarity or some other artificial conditions which have been taken place during the course of preparation of the specimen. But in fact, in our observations of the present study as well as the previous one (KUROSUMI et al. 1961) , the cytoplasmic projections are always substantial and filled with rather dense and fine granular material. These are not the product of a simple bulging caused by fixation or polymerization damages. Moreover, every step of formation of this projection with morphologically significant changes can be followed by electron microscopy as reported in this paper.
Recently PARKS (1962) studied mechanism of extrusion of secretory substance by the parotid glands of the rat and mouse, and presumed the mechanism of separation of bleb-like projections extended from the epithelial cells of the striated duct. This mechanism is the same as the so-called apocrine extrusion found in various sweat glands. The feature of bleb formation was reported previously by NAKANISHI (1959) and SCOTT and PEASE (1959) in the same portion of salivary glands of various rodents, According to PARKS, the acinous cells of the parotid may display several T. MATSUZAWA and F. SAITO:
modes of extrusion mechanism of secretion, one of which is a circular arrangement of vesicles encircling a quantum of cytoplasm and successive fusing of the vesicles to each other may bring forth slit-like spaces, which are nothing but the demarcation membranes from which the quantum may be detached off as a part of the secretion. This mechanism is one of the apocrine type of secretion discharge, because the same phenomenon of forming the demarcation membranes was observed at the base of the projection of the rabbit submandibular apocrine sweat gland (KUROSUMI et al. 1961 ).
Accumulation of findings by electron microscopy of various glands confirms more and more the actual existence of the mechanism of secretion discharge by shedding off a part of the cytoplasm which is rich in secretory material but almost lacking in important organelles of the cell; the mechanism has been called 'apocrine' for a long time through the ages of light and electron microscopy.
Expansion of the tips of microvilli forming small projections of polypoid shape and ultimate separation of the expanded tips are also one of the modes of secretion discharge and the same in fundamental mechanism as the apocrine extrusion which has been discussed above. Pinching off of microvilli was called 'microapocrine secretion'
by KUROSUMI (1961) , and was early suggested by VAN BREEMEN and CLE-MENTE (1955) and MAXWELL and PEASE (1956) for the mechanism of secretion discharge in the choroid plexus. Macro-and microapocrine mechanisms (Type II and III of the classification of extrusion by KUROSUMI, 1961) are often seen in the same gland as reported here. These two types are different from each other in only dimension of pinching off, large (light microscopic) or small (electron microscopic), and therefore various dimensions of this extrusion mechanism may occur simultaneously in the same gland cell. The opinion of MONTAGNA, CHACE and LOBITZ (1953) based uopn light microscopy concerning the extrusion mechanism in the human apocrine gland that the discharge of secretory substance might take place by way of the delicate cytoplasmic terminations at the apical free border was nothing but the light microscopic manifestation of the microapocrine mechanism.
In the vacuolated cells of the sweat gland of the horse, secretory vacuoles may be formed at the GOLGI apparatus and fill the cytoplasmic area of the apical and middle parts of the cell. Secretory substance which is very clear in appearance under the electron microscope may diffuse out through the apical cytoplasm, and may be accumulated just beneath the surface plasma membrane. Such an accumulation may push out the plasma membrane and may form the projection, or bring about an expansion of tips of microvilli. Separation of surface projections and expanded microvilli may be the chief mechanism of release of secretory substance by this cell, but transmembranous permeation of water or some water-soluble substance (extrusion of Type V) cannot be excluded from the mechanism of secretion discharge in this gland. Continuities between the secretory vacuoles situated near the surface and the gland lumen may be observed occasionally. This feature may suggest the extrusion of Type IV, but a possibility of artefacts cannot be totally neglected for the presence of communication of the secretory vacuoles to the gland lumen. ITO, AOKI and TAKAHASHI (1961) discovered the presence of two cell types in the sweat gland of the horse, using the light microscope and called the additional cell type 'small gland cells'. These may apparently correspond to the dense cells found in our electron micrographs. ITO et al. argued that the occurrence of two cell types might suggest that the sweat glands of this animal might be the intermediate type between the apocrine and eccrine sweat glands, because the horse's gland possess the characteristics of the apocrine sweat gland such as the close relationship to the hair follicles on one hand, and on the other hand the presence of two cell types is the most prominent characteristic of the eccrine type of the sweat gland which was first described by ITO (1943) and is now widely accepted (MONTAGNA 1962) .
As compared with the results of electron microscopy of eccrine sweat glands of the man (MUNGER 1961 and ELLIS 1962) It is also possible to presume that the dense cell may not be an independent cell type with an active secreting function, but may be merely a degenerating form of the secretory cells. Absence of secretory vacuoles or granules suggests that the secretory activity of this cell type may be lower or ceased. Strong folding of lateral and basal plasma membrane of this cell may suggest a presumable shrinkage of the cell body which caused wrinkling of surface membrane. The nucleus is much pyknotic. It cannot be determined under the present state of our knowledge whether the dense cells are really the second type of secretory cells of this gland or merely degenerating cells changed from the ordinary vacuolated cells. At any rate, intermediate forms between the vacuolated cells and the dense cells were observed, though these were very rare cases.
Sweat glands in the abdominal skin of the horse were observed with the electron microscope. In good accordance with the light microscopic findings of ITO et al. (1961) , it was shown by electron microscopy that the secretory epithelium of this gland consisted of two distinct secretory cell types, viz. the vacuolated cells and dense cells. The former is the main constituent of the secretory epithelium, columnar or cuboidal in shape, and filled with a great number of clear secretory vacuoles. This cell type is also characterized by well developed microvilli, tips of which are often expanded and separated to bring about a part of the secretion (microapocrine secretion). Besides this mechanism of secretion release, large projections often extend into the lumen and may be presumably detached from the cell body (macroapocrine secretion). The GOLGI apparatus and the rough-surfaced endoplasmic reticulum are well developed, and presumable transitions between the GOLGI vesicles, vacuoles and the secretory vacuoles were observed.
The second cell type of secretory epithelium, the dense cell is small in size and the electron density of the cytoplasm is considerably high. Cells of this type contain large round mitochondria but no secretory vacuoles. Plasma membranes of the dense cell are strongly folded on lateral and basal cell surfaces, but the microvilli on the apical cell surface are poorly developed, Probable significance in functional activity of the dense cell is discussed and a possibility that this cell may be a degenerating form of secretory cells is presented. 
